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Abstract 
This chapter describes the design process of X-Space, a collaborative classroom facility at Taylor’s University Lakeside 
Campus in Malaysia that supports lecturers’ and students’ collaborative learning activity using relevant educational technology. 
It also sought to study user’s requirements and choices on the aesthetic and support features of the X-Space design through focus 
group interview with 11 eLITE (e-Learning Implementation Team) members comprised of a cross-section of the university 
faculty members. This chapter provides valuable and innovative ideas on the strategies of integrating technologies and learning 
styles into the learning spaces in higher education institute. 
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1. Introduction 
 
The main purpose of this chapter is to provide focus and guidelines for users and design professionals. Other 
objectives include: to avoid reinventing the wheel for each new construction or renovation project; to standardize the 
inventory of classrooms by size and capabilities; and to guide architects and engineers in the detailed design of key 
elements of X-Space in order to ensure optimisation of the educational technology employed. To meet the above 
aim and objectives, the scope of this research is based on flexible and adaptable technologies that allows for 
integration with other education technology applications, solutions or devices. 
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X-Space is defined as a collaborative learning environment that applies interactive technologies in tandem with 
the communications infrastructure. Interactive classroom technologies provide an ideal learning and teaching 
environment for students and lecturers alike. It challenges the conservative idea of teaching and provides support for 
alternative learning models. Lecturers are able to use technology as a tool or vehicle to engage students and to 
improve the quality of learning. The classroom can accommodate 30 students with one facilitator. To take advantage 
of the collaborative learning environment, classroom size has to be limited and managed closely. 
 
1.1.  The Purpose for X-Space 
 
Over the last decade, collaborative classroom has become an important milestone for universities around the 
world.  Many academic reports have shown that a physical environment like the collaborative classroom plays an 
important role in shaping human learning and teaching capability.  
 
Taylor’s University realised that as a higher education institution, we should provide a learning environment that 
allows the learners to apply skills, knowledge and understandings in new and purposeful ways. The University has 
embraced transformative teaching and learning as a bold, creative initiative that will produce better learning 
outcomes.  
 
Within the context of its new five-year mission, the University has developed and adopted six strategic thrusts. 
One of the strategic thrust is to achieve transformational teaching and learning. The two key areas are: 
 
x  Ensuring a conducive and responsive learning environment action plans 
The university would like to maintain the infrastructure of the campus as a learner-friendly environment. It also 
aims to maximise the use of the university’s facilities to promote an environment that is engaging, collaborative 
and flexible. The university needs to provide quality, state-of-the-art equipment, facilities, library services and 
information technology. With that in mind, the construction of the X-Space is a necessity to fulfill the points 
mentioned. 
 
x Embracing technology action plans 
The e-Learning culture has become an obligated practice in the way students and lecturers teach and learn in this 
nation. Taylor’s University recognizes that e-Learning is an integral teaching and learning strategy that is linked 
with learning outcomes, module delivery and assessment aims. The X-Space’s design will not only allow users 
to experience that but also to encourage the embracement of technology into their teaching and learning journey. 
 
The University has embraced transformative teaching and learning as a bold, imaginative initiative that will 
produce better learning outcomes. Transformative teaching and learning practices are centred on learner success, 
and involve learners and staff collaboratively creating learning and meaning that is increasingly self-directed and 
leads to change, while at the same time helping learners and academic staff to become lifelong learners. 
2.  Literature Review 
 
This review will explore the key factors behind modern learning facilities with the purpose to produce theoretical 
and practical guidance to construct prototypes. This allows flexibility for retrofitting the developed classroom so that 
it will support active, collaborative and peer to peer approaches to learning.  
 
The first step during the research and design of the X-Space was to review relevant and prominent research 
literature about learning spaces, particularly about the approaches and key principles in designing a collaborative 
classroom. This is to develop coherent and foundationally strong design knowledge and principles that could 
produce a well guided design process of the X-Space. These principles were then filtered by analysis of perspectives 
from key stakeholders: top managements, academics and support staff. 
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In the past years, many universities have designed and researched some significant learning spaces which 
support several types of existing and emerging style of learning and teaching. Several key studies have looked at the 
design process of a collaborative classroom. Lei’s (2010:128) review proposes 8 key elements to be considered 
when designing a classroom. They are size, shape, seating arrangement, furniture arrangement, technology system 
arrangement, interior lighting, thermal condition, color selection and noise level. In McArthur’s (2011) study, he 
seeks to develop spaces of learning that can be understood, assessed, and strategically improved. The classroom is 
designed by using the User-Experience Design concept based on Cooley’s (2000) framework which points out that 
transcendence, engagement, malleability, purpose, ownership, panoramic, responsiveness, inclusiveness and 
coherence are elements which need to be discussed. In another paper, Yau et al. (2003) reveals four characteristics 
in a collaborative classroom; an environment which encourages knowledge sharing, ability sharing, allows 
mediation and promotes heterogeneity. In Graetz & Goliber (2003), they introduced a different approach when one 
is designing a collaborative learning place. They believe that information technology will have a strong influence in 
determining whether the classroom design is effective or not (Graets & Golber 2003:14). Another aspect in their 
study is the consideration of the classroom design upon learner’s psyche. Both elements are carefully reflected to 
form a strong foundation in order to ensure that collaborative learning can take place at its utmost potential.   
 
Through the literature review, it is concluded that the infrastructure of the classroom should be adaptable and 
flexible. This may include power, conduit, and structural support for a second ceiling mounted projector, for wall 
mounted flat panel displays, for video cameras and accommodation for multiple computers (laptop, Mac, tablets). 
As seen in Figure 1, the X-Space encompasses several distinct elements yet as a whole, they contribute to the 
students’ holistic learning environment. 
 
The key findings in most literatures do suggests that X-Space needs to incorporate the same short-term, medium-
term, and long-term equipment accommodation strategy and making sure that the necessary base-building or 
primary infrastructure is incorporated within the bricks and mortar of every new classroom. While it is true that 
there is a marginal increase in cost for the infrastructure, it is usually a tiny portion of the overall construction cost. 
 
Interactive classroom technologies provide an ideal learning environment for students and provide support for 
alternative learning paradigms. Facilitators are able to use technology as a tool or vehicle to engage students and to 
improve the quality of learning. Thus, there is a clear educational rationale to justify the development of interactivity 
tools and technology-rich learning spaces. To take advantage of the collaborative learning environment, classroom 
size has to be limited 30 people and managed closely. 
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Fig. 1. X-Space Design Elements 
3. Methodology 
The project’s key aim is to explore the important design factors which make an effective collaborative classroom 
for teaching and learning. For this purpose e-Learning Academy (eLA) solicited the opinions of 11 eLITE (e-
Learning Implementation Team) members comprised of a cross-section of the university faculty members. Focus 
group members were asked for feedback on an array of issues such as the types of learning activities that are enabled 
by the collaborative classroom, the pedagogical approaches to be used in facilitating meaningful learning in the 
collaborative classroom as well as their desired room design, requirements and its specifications. Focus group 
findings indicate that collaborative classroom promotes and enables goal-based, collaborative, discovering and case-
based leanings. 
The process continues to analyse the requirements received from the focus group. With the consideration of the 
pedagogical impact and the budget allocated to this project, this chapter will justify the strategies and choices on the 
physical and technology requirements of the X-Space design as shown in Figure 1. 
The design process of X-Space can be summarized into 4 stages: 
x Research 
A number of collaborative classroom design models are considered and studied to understand better the concept 
and nature of learning space particularly the meaning of collaborative learning space. 
 
x Focus Group 
The focus group consists of lecturers from 13 faculties. They were asked to give their feedbacks   
 
x Feedback Evaluation 
The feedback from the focus group will then be evaluated, discussed and concluded before proceeding to hire 
suitable contractors to renovate the room.  
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x Build 
Contractors proceed to build and complete X-Space. 
 
The process allows the project team to analyze critically the proposal and requirement of X-Space before 
creating the collaborative classroom. The following are the physical attributes of X-Space received and analyzed by 
the team: 
 
3.1. Comfort 
3.1.1. Lighting 
 
Lightings can influence an individual's ability to perceive visual stimuli and influence both performance and 
mental attitude on the student’s learning (Veltri et al., 2006). A dimmable ‘Track light’ is installed at the lecturer’s 
table to enhance the facilitator’s appearance while dimmable ‘down light’ is installed at students’ table to provide 
sufficient brightness.  
 
3.1.2. Tables 
 
The hexagonal shaped table is used in the X-space. Hexagonal tables save more space compared to round tables. 
Unlike a round table, a hexagonal shaped table will give students a sense of their own boundary hence ensuring 
certain ease and comfort for them to participate in any collaborative activities. In each table, 4 AC power outlets are 
made available for students use.  
 
3.1.3. Chairs 
 
There are 6 chairs for each table. Each of the chairs is installed with rollers for mobility. Students often 
experience great difficulty facing the facilitator, so the swiveled type chair will allow students to adjust their seating 
position when the facilitator is moving around. 
 
3.2. Classroom Layout  
700 square feet classroom was selected (30 pax) for this X-space as 80% of the classrooms in the campus came 
in similar size. This will allow the University to use this layout as the reference design for future replication. Also, 
there are 5 clusters in the classroom (6 pax per cluster) to promote inter and intra group collaboration.    
Furniture arrangement in classrooms may influence student learning and adversely impact student evaluations of 
college instructors. Uncomfortable or inadequate furnishings may shift students' focus away from instructors or 
learning materials being presented. Through research and feedback from experts and relevant literatures, the 
following seating arrangement was decided: 
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Fig. 2. X-Space Seating Design 
 
3.3. Aesthetics 
 
3.3.1. Color 
 
Color selections have been found to increase learning productivity by 5 to 10%, reduce absenteeism, and help to 
increase the moral of a room's occupants (Veltri et al., 2006). Each cluster has different colored chairs. This is very 
useful when facilitator plans to delegate students into groups. In addition, the color selections of the chairs can 
transform the classroom into a pleasing and exciting place that promotes positive feelings (Papadatos, 1973). 
 
3.4. Collaborative Tool 
3.4.1. Wall mounted TV Display  
 
A total of 5 flat screen TVs (42” and 47”) were installed. The flat screen TV provides large screen viewing to 
facilitate better discussions. The TV is able to receive the facilitator’s or the table’s output.  
 
3.4.2. Ample Space for Writing 
 
240cm x 150cm whiteboards are installed on the surrounding walls of the collaborative classroom (near the 
students’ table). By having such convenience, students and facilitators are able to demonstrate their ideas without 
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the hassle of looking for a flipchart. Research shows that students were able to pay better attention when a writing 
space is provided (Beeland: 2002) 
 
3.4.3. Connectivity 
 
X-Space is embracing BYOD (Bring Your Own Device) principle. To accommodate the various devices students 
or facilitators might have, both facilitator’s console table and students’ tables are equipped with HDMI and VGA 
input. All VGA signals will be converted to HDMI since HDMI is the main video transport system used in this 
classroom. VGA connection is used for existing devices with VGA output only whereas HDMI connection is used 
to support non-Apple based devices (such as Android smartphone and tables) and some Netbooks.  
 
Students are able to switch input between HDMI and VGA with a button on the table.  Both VGA and HDMI 
cables are wired securely into the cabinet to prevent cable theft. Also, one LAN cable for Internet connection is 
installed for each table to cater for bandwidth-demanding applications such as video streaming. Muir-Herzig’s (2004) 
research states that internet access in a learning environment can encourage learners to take charge of their own 
learning  
 
3.5 Technology 
 
Instead of using Crestron control system for switching due to high cost, a manual switching system was built 
using HDMI switchers, HDMI extenders, HDMI splitters and VGA to HDMI converters. ATEN Technology is 
selected as the standard AV equipment.  
 
The facilitator’s console table has the ability to choose which table’s output to be shown on the main screen 
using an IR remote control. For example, if the facilitator finds that table 1 has interesting presentation content, the 
facilitator may project it to the main screen as well as display it to all display TVs. With such function, a truly 
collaborative activity can now be done. 
 
4. Conclusion 
This paper hopes that the documentation of X-Space designing process will support and help to construct new 
and better collaborative classroom in the future. The inclusion of focus group in the design process has allowed the 
design of X-Space to be constructed based on the perspective and needs of the facilitators. Valuable feedbacks 
which we received confirm the importance and the effectiveness of involving facilitators / academician when 
designing a classroom. Evaluating and understanding the needs of the academics from the focus group can help the 
university to further incorporate innovative features into future collaborative classroom. The limitation of this paper 
is the absent of students’ participation and feedback throughout the process. However, the recommended process 
can still be used to further expansion of the X-Space.     
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